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Objective

Examine quantitative and qualitative factors and their correlation to crude oil prices.

Part I. This thesis is Part-I of a two-part evaluation concerning crude oil price prediction and modeling. In
Part k. quantitative factors- which-are- suspected-to-influence crude oil-price will be examined by-statistically
comparing their effects on crude oil price over time. This will be done on an individual factor basis as w!ell as
using multiple regression analysis. Additionally, qualitative factors-which-are suspectedgf-inﬂuencing--?mde
oil prices will be evaluated through historical observation and an application of logical reasoning and analysis.
Adl factors; quantitative and-qualitative, which-are identified-as-possessing some significant-level-of mflyence
on crude oil prices, will be incorporated into Part-II of the evaluation. Part-II will be conducted as a separate

thesis—pr?ject.

Part II: In Part-1, a statistical model will be developed in which each significant factor identified in Part-l is
assigned an appropriate weight of importance (an elasticity with regards to price) and a probability distribu-
tion indicative of likeliness of occurrence (a measure of risk or frequency). These weighted factors and their
probability distributions will be adjusted and hypothetical crude. oinric&tesuhleLbe_generated.and_\com-
pared to actual price history. The objective of Part-II is to create an empirical model for which all important

: their weighted i | their o} ¢ . . T nole si ion. The

iterative process of adjusting factor weights and probabilities is intended to create a simulation that can’ pro-
duce_predictions which_closely coincide with actual histarical crude oil price data  Such a simulation could
then be utilized to forecast future crude oil prices given expected circumstances or contingencies.

Mecthodology: How To Build The Model: When confronted with-the task of constructing a mathematical

el there i ion to msh ahead and hesi hi i 1 analvzi 1 is is 4 mis-
take. A prudent evaluation calls for a methodical approach. We must first determine WHAT factors arc im-
portant to analyze and WHY! This is necessary to ensure that we (1) account for as many signi rs of

influence as possible and (2) have an understanding of why each factor influences crude oil price and should
therefore be inclnded in the model M&Maﬂmusmdimimwhichm.mlh&mmfam\seem
to be important but which have no real bearing on our model. We want to analyze the right things ... nof eve-
rything  Once we have carefully identified the factors of importance we must laok to see if data is available. If
data is available, terrific, but if not, we may have to choose a proxy-factor which closely mirrors the data we
would really like to use.. Finally we must examine the reliahilitv, consistency and credibility of.om:\ data
sources. Although a useful model is never guaranteed, only quality data can hope produce meaningful results.
The approach for Part-I will therefore begin wi i inati ing crude
oil price and seek to develop a reasonable understanding of how that influence comes about. :



Backaround

Prior to 1973, crude oil was relatively inexpensive and few concerned themselves with understanding the
mechanism involved.in establishing price. Most believed, inappropriately, that oil and oil price. behaved]i&(e
any other commodity in an open market, depending solely on pressures of supply and demand. The oil em-
bargo of 1973 sent shock waves throughout the industrialized world as OPEC nations effected a modest redqc-
tion in worldwide crude oil output. Although the cut-backs were highly selective, targeted at specific western
powers supporting Israel during the Yom Kippur War, the net effect was an “energy crisis” with panic byying
driving up crude oil prices nearly 350% in a single year. ! The resulting uncontrolled and upward spiraling
prices, fuel shortages and long gas lines, and the western world’s seeming vulnerability to OPEC decisions de-
manded answers. Governments, industry and academia scrambled to understand the factors controlling crqde
oil price and supply. The hope was to regain some measure of control over prices and supply or to develop de-

fensive strategies to limit the degree of price volatility.




The World Petroleum Market

In 1973, hundreds of separate activities began a quest to understand and model the crude oil market.
An initial sensitivity analysis revealed that crude oil prices were-affected by the anticipated- faetogs of

supply and demand.

Early Discoveries: On the Supply side, there were physical limitations to petroleum discoveries, reserves, and
production rates from various oil ficlds. These producing regions were widely dispersed throughout the wqyld
and brought forth a wide range of crude oils which yielded a still wider range of products in varying quantities.

Crude oils and their refined products were then marketed throughout the world in the regions demanding thpse

products pr possessing the necessary refining and storage capacity. This entailed a remarkably complex distri-
bution and transportation system with a cost structure which accounted for export taxes, import taxes, tarif{s,
quotas and price controls. Researchers discovered that there was no _central mechanism for buying and sell-
ing crude oil and petroleum products. The crude oil market was essentially a collection of contracts betwe\gn

exporting regions, transporters, refiners and marketers which effectively operated as a decentralized open mar-
ket. * This was a holdover from the days when the oil industry was dominated by a few huge, vertically in\te-
grated oil companies who manipulated prices and supply according to their own monopolistic desires. On the
Demand side, it was recognized that energy requirements were the driving mechanism and that “speaking about

3 Demand for eil was derived from an

energy prices meant in effect speaking about the price of crude oil”.
overall demand for energy. Energy demand stemmed from population growth and its concomitant effects on
industrialization and energy using equipment. This entailed understanding regional population growth, mecha-
nization and the availability of alternate forms of energy and their cost structures relative to petroleum. The
Gross Domestic Product (GDP) became one key measure in capturing the essence of this energy demand. It
was also discovered that international trade balances and currency exchange rates further complicated a re-

gional willingness to consume energy.

Complex Seenarios: Sensitivity analysis alone proved insufficient to- understanding the petroleum market and

answering the questions of western leaders. Having seemingly identified the important factors comprising sup-
ply and demand, researches now began to construct scenarios in an attempt to model oil market behavior. In
my research, I located over 2,000 different books or publications within the University of Kansas’ librarics
which specifically addressed petroleum price prediction and mathematical modeling. Nearly all of these refer-
ences had attempted to create models based on widely divergent assumptions and modeling templates and- were

constrained by unique limitations. To properly review and understand the assumptions, detailed calcula-

tions, methodolosy employed and results obtained by this combined effort would take several vears and

significantly more resources than those available to perform the Part-1 analysis of this study. A partial

review of these sources did provide useful insight however.




Initial Results: The bottom line resulting from the myriad modeling efforts developed by industry and acade-
mia during the 1970s is that the models developed were not effective at predicting petroleum prices. Useable
results from Petroleum price modeling remains elusive. To reduce complexity, most of the models examinegl a
single country or region of interest within a larger country. These models looked almost exclusively at the
short term; what was expected to happen in the late 1970°s and early 1980°s based on market conditions of the
late 1960°s. Assumptions concerning political factors and/or OPEC policies were made and model predjctiélls
were generated. The initial results were mixed as these models failed to adequately describe the petroleum
markets. either before or after 1973. Further work was required to achieve adequate results or even create a
consensus among researchers. ¢  Additional attempts to aggregate the individual regional models inta a gohe-

sive, worldwide model failed completely. *°

Understanding Failure: The reason these scenario based models failed is significant and must be
understood if an effective simulation model attempt is to be made.

¢ First. failure stemmed from the fact that the early models were based on time-series data pertaining ta g par-
ticular region or country exclusively. Such models were overly simplistic, ignoring many important elements
comprising the dynamic crude oil market as a whole. Additionally, these models only strove to capture the

short-term elasticities in regard to supply and demand. ¢ The concept that price changes set in motion gor-
responding supply and demand changes which experienced a significant delay in reaching a new state of equi-

librium was largely ignored. For example. if heating oil prices increase, it is not likely to affect heating Qil
consumption during the upcoming winter season. However, higher heating oil prices, sustained over a five to
ten year period, will cause individual and industrial consumers to-shift to cheaper alternatives such as namrail
gas or to reduce consumption though better insulation or conservation efforts and thereby reduce oil demand
over time. Since these models attempted to capturc day-to-day, week-to-weck and month-te-month priee fluc-

tuations, they broke down completely in the long run.

¢ Second, the nature of developing differing sectoral and/or regional models and then attempting to ag-
gregate them was flawed. The structure of energy demand. access to transportation and different crude qjls
and products, rates of population growth and GDP, and the availability and cost structure of oil substitutes is
profoundly different on a regional basis. Complicate this with politics, disparate tax structures, tariffs and quo-
tas and the ability to meld different models into a single cohesive model becomes an impossible task. Sevefal
models were marginally successful but were limited to only a single product, like gasoline, within a small. ggo-
graphic regipn and applied for only a brief and selective time period. These models could not be generalized to

account for price variations worldwide or in the long-run. ’




¢ Third, limitations in data made working with many small countries or regions nearly impossible. Rarely

was data complete and accurate nor was the data conveniently available and consistently recorded to support
comparable regional models. >¢ Additionally, the data studied frequently contained relatively few data peints

which contained a widely varying range in values. Such limited data vielded inconsistent and unreliable

results. 7

¢ Fourth, rescarchers had basically been attempting to develop detailed models based on micre-economics.

The complexity of the real world made such models impossible to use. * For example, there is no single
price of crude oil. Saudi Arabian light is different from the crude oils of Mexico, the North Sea, the Alaskav
Reserves or West Texas. Not only did crude oils of differing quality command different prices, but the mix of

crude oil grades and volumes delivered to various regional eastomers was in constant flux. The regional med-
els had in essence attempted to capture this data almost on a transaction-by-transaction basis. The microeco-

nomtic approach to such complexities, even with the assistance of modern computers, proved too-difficult.

Macro-Economics: A BDifferent Approach: The purpose of this.thesis is therefore to attack the crude oil mar-

ket modeling problem from a macro-economic _point of view. The idea is to identify a small number of

large scale. aggregate components to crude oil price and correlate them using available andconsistegg em-
pirical data gathered over a long period of time. Instead of attempting to validate a theoretical model we

will use real data to constrauct and calibrate an empirical one. It may not be possible to definitely establish

causality but it is heped that sufficiently strong correlations can be established to- facilitate price predictjons.

This will be accomplished in several stages.

Stages: In the first stage, all factors to be evaluated must be identified and discussed in terms of their expected
relevance to crude oil price. This will help identify what data to collect and what numerical factors to seek to
correlate. In the second stage. appropriate data must be obtained. This data mmst be complete, as accurate as
possible and cover extensive periods of time. The third stage will review the qualitative aspects of the hist(?ry
of petroleum to determine if or what events should be incorporated into the final model. In the fourth stage,
the various data will be correlated with crude oil price over time.. This will be done on a factor by factor ba§is

and using a multiple regression analysis of all factors. Those factors which demonstrate a statistically signifi-

cant correlation to crude oil price will be retained for more discrete modeling during Part-1I of this evaluz}tion.

Pergpective: To put the Part-I-analysis into perspective, an analogy is appropriate. The petroleum price.mod-
eling efforts thus far attempted by academia_ industry and governments alike were extremely complex audz\lt-
tempted to capture every possible effect. This is similar to attempting to understand the physical behavior of
every molecule of gas in aroom full of air. The historical models tried to calculate in effect, the mass, vol;‘mle,

charge, velocity, trajectory, kinetic energy, momentum, inter-attractive forces, etc. of each individual



gas molccule as it interacted with the others and then aggregate the results to predict how the entire room of gas
would behave. The complexities involved with capturing millions of pieces of data and accounting for millions
of interactions among, the molecules is frankly, impossible, and that is why these modeling efforts failed. The
goal of the Part-I analysis is to develop macro-factors which can be correlated with real data to provide useful
results. This would be analogous to measuring temperature (T), pressure (P) and volume (V) of the gas i1\1 a
room and developing a simple modcl, such as PV = nRT , to explain the behavior of the system. R is basi-
cally a correlation “fudge factor” derived from empirical data. With such a relationship, we can measure a few
simple parameters (such as P or V), and easily predict T without having to understand or measure the true in-
teractive complexity of the system. The Ideal Gas Law relationship has praved useful in predicting the bch{w-
ior of gas systems and it is hoped that our analysis can identify a few appropriate macro-measures and associ-
ated correlation coefficients (fudge factors) to develop a similar model which can be used to effectively pred\ict
petroleum prices. In effect we will try to construct an eclectic model which seeks to include a wide range vari-
ables employed by numerous other models and then identify a macro-variable which is simpler to measure and

use.

Scope: If macro-variables are to be identified and woven into a practical model, a decision has to be made.con-
cerning the scope of our efforts. In the Part-T analysis, all factors potentially effecting crude oil price will ?e

analyzed on two macro-economic levels. The first level will assume a single, unified Global Petroleum

Market. Under such an assumption, important factors te be correlated such as GDP, Population, Proven %e-
serves, etc. will be global aggregates. The second level will assume the United States is a single, uniﬁéd,
stand-alene petroleum market and U.S. aggregate data will be used. All-relevant factors will be-ana}yze? on

each of these two levels.

Reducing Variation: Throughout the history of the U.S. and World oil markets, other than free market forces
have occasionally been at work. The effects of noncompetitive pricing and supply controls were typically tar-

geted at specific companies or countries. This often distorted the open market supply-demand-price relation-

ships regionally. However, any cut-back in supply and corresponding price increase in one region was tyRi-
cally offset by a surplus and lower prices elsewhere. Utilizing Global (U.S.) aggregate data in a long-term
analysis should provide a smoothing out effect for this phenomenon. It should also be noted that these. even{s

were of a short duration as both rapidly increasing energy demand coupled with an ever expanding number of

new discoveries, producers and technologies has continued to drive conditions towards a free market. 8

One useful fact from past price-modeling efforts was the recognition that market fundamentals, worldwide efo-

nomics, and business cycle forces consistently overwhelm the efforts of monopolies, governments and cartels

(such as OPEC) which attempt to manipulate petroleum supply and price. ° Basically, market fundamentals
are stronger than politics in the long-run.




Stage I: Factors Of Relevance

Demand-Price Cyele:  As demand for energy increases, relative energy shortages g

cause energy prices to increase. Increasing prices have both short-term and long-term

effects. Such effects relate to energy demand through possible conservation and reductions in energy use or by
consumers turning to less expensive, more. abundant substitute sources of energy.. Such actions, although slow
to occur, eventually reduce energy demand (or the growth in demand) and create a relative surplus of energy in
the market. This excess energy results in a decrease in prices in general which in turn stimulates econoq}ic
growth. Increasing economic growth and prosperity eventually stimulate an increased demand for energy. The
cycle then repeats itself. It should be noted that the short-term effects on energy consumption patternshaye
proved relatively unresponsive to price. In the long-term, however, changes in these consumption patterns, for
example, towards use of more natural gas and.coal and less oil, will have a.profound influence on world en-
ergy markets. ~ The componcnt factors of energy demand which effect the cost of encrgy use are RUMErous

and intricately linked together. Each of these factors will now be addressed in turn.

Demand versus Consumption: Consumption is the amount of energy actually used by residential and.com-

mercial activity. In terms of petroleum, consumption includes crude oil produced from reservoirs (production),
draw-down of inventory stocks and additional petroleum supplied by refining operations (cracking), Petroleul‘n
Gas Liquids (PGL) and coal-gasification and shale oil processes. The vast majority. of petroleum comumgd,
however, comes from crude oil production with the other elements making minor contributions only. Basi-

cally, what is consumed each year is exactly what is produced from reservoirs with little exception.

Unusual Events: More oil cannot be consumed than is supplied, therefore the ratio of petrolenm produced to
petroleum consumed is essential 1.000. A few minor deviations to this rule have been observed and are liuke\d
to major inventory build-ups or draw-downs. For example, following the 1973-1974 oil crisis, the United
States embarked on a massive crude oil stockpiling project. called the Strategic Petroleum Reserve (SPB).
The SPR was intended to be a large crude oil resource which could be set aside and utilized to maintain oil
supplies and prices for the U.S. economy during any future unforeseen production cut-backs in the world qar-
ket. The purpose of the SPR was to reduce the volatility of U.S. crude oil supplies. During the SPR build-up,
more crude oil was purchased (supplied) than was actually used worldwide, with the difference going into un-
derground storage. In this case, the production to consumption ratio was slightly greater than 1.000. If the
SPR is ever used to augment worldwide petroleum supplies. more oil will be consumed than is produced apd
the production/consumption ratio will be slightly less than 1.000. Since either of these events is extremely spo-

radic and of a very limited duration, they will be ignored in any long-term modeling of petroleum. ma4<ets.




Price Drivers: Why discuss nuances in the definitions of production and consumption? We do this to distin-

guish demand from consumption and to show that consumption data is irrelevant to an understanding of

crude oil market price. Demand is actually the sum of various-economic pressures placed on-the energy in-

dustry to provide energy resources. When demand isn’t met, prices and production increase until the pressures
are reduced. At any given time, what is produced equals what is consumed. Consumers, however, may hqve
been willing to use and pay for even more resources, thereby making energy demands over and above that actu-
ally used. Production and consumption will be equal at some market clearing price in an open market.

Changes in demand, however, arc what drives changes in price. Consumption itself is superfluous. We

now turn to-those specific compenents of pressure which change energy den}and.

Population: The effects of a growing population on energy demand are fairly obvious. Mare people. require
more energy and the rate at which a given population is growing is propertional to the rate of growth in encrgy
demanded. Population growth varies widely around the world, and is particularly different between highly de-
veloped, industrialized nations and developing countries. Any crude oil-price model must evaluate the ixppor—
tance of both population and population growth rate on price.

Gross Domestic Product: While population levels and growth rates are indicative of a society’s energy needs

’ they don’t capture the economic state within that society. Industrialized regions possess significantly more. eJ\-

ergy using (oil burning) equipment and consume far more energy per capita than do less industrial regions of an
equal population. Various methods to capture this economic state include computing energy consumed per per-
son, energy consumed per GDP, cataloging the number and capacity of energy using equipment, or measuting
the total energy consumed. The most accepted measure of the economic state of a region (specifically coyn-
tries) is the Gross Domestic Product (GDP). The GDP is representative of the consumptive and productive
capacity of a country as well as that county’s relative wealth. The greater the GDP, the greater the wealth and
consumptive energy demand. Because the GDP is widely computed and utilized, it is both an appropriate and
convenient measure of the industrialized clement of demand we seck to analyze. We will use GDP in our
analysis. It should be noted that population growth is imbedded into GDP growth and explains about one-third
of changes. in GDP, while two-thirds of GDP is explained by productivity factors. If both populaliqn/
population growth rate and GDP/GDP growth rate show a strong correlation to crude oil price, it may be pru-

dent to use only GDP related data to prevent over emphasizing population contributions.

Leading Economice Indicaters: The U.S. Department of Commerce, Securi-

ties and Exchange Commission and the National Industrial Conference Board

collate and publish various tinie serics data for-a range of economic indica-

tors. These indicators range from production hours worked, to interest rates,

to stock prices, to building permits, to the number of unemployed. These.
indicators are used by industry and government analysts who attempt to pre-

dict imminent and long-term changes in the overall economy or in specific




industrial sectors from the signals these indexes send. More often, composite indexes (weighted averages of

individual index components) are used to smooth out random fluctuations in an individual index and reduce
false signaling. The composite indexes are grouped into Leading. Coincident and Lagging indicators depeq\d—
ing on when an index is expected to react to specific economic change. It may be possible to correlate these
economic indexes. which are related to GDP, to crude oil price. Since GDP conveniently assimilates an in\fi-
nite number of variables into a single, useable number, it is the preferred factor to use in our macro-
economic model Attempting to correlate the many economic indexes available to crude oil price begins to
lead us towards the more detailed. micro-economic analysis which have historically proven unsuccessful. If we
find only weak correlations of crude oil price to GDP data, however, it may necessitate turning ta the maore in-

volved process of determining crude oil price correlations for the many economic indicators available in hopes

of finding a stronger corrclation.

Reducing Complexity: To perform an analysis of Population and GDP as they relate to crude oil Price-
Demand, a decision has to be made concerning which populations and GDP’s to measure. The micro-
economic approach requires that distinct regions be identified with their individual population and GDP stati.s-
tics to develop demand data on a region by region basis. This approach is extremely complex and data inten-
sive. The simple process of identifying a discrete region as requiring substantially different treatment from its
neighbors is actually not so simple considering how dynamic. population growth and industrial growth hz\ve
been since the discovery of petroleum in 1859. Any given region would be expected to change its characteris-
tics regarding population growth rates and degree of industrialization (as well as many other factors) several

times during a given interval under long-term analysis. The continual shifting of these regional characteristics

is almost impossible to capture, especially since these changes occur gradually. There is also the problem that
regions of a similar nature requiring comparable macro-economic treatment will not conveniently fit them-
selves within national borders. Additionally, the time-history data supporting such an analysis simply doesn’t
exist for the large number of affected regions comprising a worldwide petroleum market. If we can’t analyze
individual regions, then what? We are simply left with a macro-economic approach in which large sca.le,ag—
gregate population and GDP data will be used for the long-term price analysis. A short-term analysis of popu-
lation or GDP effects is not prudent as these have historically been quite unpredictable. ** Long-term, aggre-
gate data is more readily available and we are relieved of the complex task of melding every changing re%ional

circumstance into a cohesive model.

Obscrvation: Reflecting on the Demand-Price cycle discussed earlier, it appears that population and GDP/
mechanization are always increasing and that therefore energy demand must always increase. In practice, 1:'\5-
ing energy prices often cause economic slow downs and recessions and a reduction in GDP (or growth in

GDP) which often counter-balances the energy demand increases associated with population growth alone.



Alternative Energy Sources: The crude oil and petroleum products

market does not exist in a vacuum. It is only one component in the
entire energy market. The availability and cost of alternative sources
of energy play a vital role in determining the price of crude oil., The
primary sources of worldwide energy are oil, natural gas, coal, hiydroe-
lectric, and nuclear power. Additional minor contributions are made
by solar, wind and geothermal sources, wood and trash burning and
biomass energy. The mix of type. and quantity of energy resoyrces
used in a given region is highly dependént on the resources available
locally. Hydroelectric power isn’t available where. there is no. water.
One cannot burn coal unless coal is available. A country must posscss
the technological and monetary resources to construct a nuclear power

industry before nuclear power is available for use.

Balancing Forces: Some regions have few indigenous energy resonrces while others have both abundance and
choice. Some are net importers of energy while others are net exporters. An equilibrium of energy exchange
exists in which energy is produced, distributed and consumed based on the relative cost of each type of energy
as well as the relative energy requirements of various regions. The technological, production, refining and

transportation costs associated with bringing each energy type into a region determines the overall cost of

that type of energy by region. For regions rich in coal and natural gas but poor in petroleum. the relative cost
of oil energy will be substantially higher than for coal or natural gas energy. Such a region would be expected
to utilize relatively more coal and gas and less oil. This reduced use of oil would be an indicator of relatjvely
higher oil prices. :

Limits On Substitutability: There are limits on the substitutability between energy sources. While bath coal

and oil can be burned to produce electricity, only oil can be used to power automobiles-and airplanes. Different
types of fuel and fuel buring equipment have different thermal efficiencies and different environmental im-
pacts. Attempts to eapture thermal efficiencies for fuels, in the form of BTU’s per energy dolar, have been

relatively unsuccessful.

10




Pollution: Socictal response to varying degrees of pollution related to energy use remain difficult to quantify

but is significant. For example, rigorous economic analysis concludes that nuclear reactors are much more

economical than coal or oil for producing electricity. Nuclear power, however, has continued to make limited
contributions to the overall energy mix because of political and environmental concerns. 2 Additionally. burn-
ing of both coal and oil are coming under increasing environmental pressures for their contributions to air pol-
lution and possible global warming effects. This has led to a push to use more “clean” energies such as 11atﬁral

gas, hydroclectric and solar pawer.

Accounting For Alternative Energy Sources:  An obvious method would be to compute a ratio of the
amount of energy consumed (by type) to the total energy consumed; oil BTU’s/Total Energy BTU’s for exam-
ple . If this ratio is relatively high, it indicates a greater relative importance as well as a higher degree of dé-
pendence on that type of energy. We could therefore use the proportion of oil energy to total market energy

consumed as an indicator of the value and availability of oil and hence price. Such a measure would impliciﬂy

include the cost structure and influence of alternative energy sources.

Time Lag: Inthe short run, energy consumption is not likely to respond much to price fluctuations or pelitical
or environmental pressures. A region will consume what it always has consumed. In the long-run, however,

7

these pressures will drive energy consumers towards cheaper alternatives. ' What this means is that a low ep-

ergy market share is indicative of relatively more expensive energy costs. The difficulty lics in assessing the

time lag asseeciated with pricing pressures and a subsequent change in eonsumption patterns. Sevesal

studies indicate that changes to energy consumption patterns aren’t evident until 5-10 years after the pricing/
political/ environmental pressures begin. Comparable changes in-production patterns occur much mere rapidly,
and especially with regard to idle reserves and excess capacity which can be brought on line quickly. 1 Add to
this, the uncertainty in measuring the degree of change in terms of both conservation measures and use of sub-

stitute products, and the problem worsens. What measure then can we correlate with energy prices?

Predictions: Following the above discussion, a high proportion of current energy use is indicative of relatively
lower costs in the past (5-10 years previously). A correspondingly low proportion of use taday indicates re\la-
tively higher energy costs in the past. Although we may be able to correlate the rate and direction at which the
proportion of energy usc changes in relation to past pricing pressures (accounting for the time lag), this doesn’t
help us predict future prices. It may be possible to make some reasonable future usage predictions (5-10 years
ahead) to model current prices. The real difficulty lies in projecting energy consumption needs 20 years out in
order to reflect pricing pressures 10-15 years out.  This simply isn’t reasonable. There are also significant
assumptions concerning the proportion of energy which will be supplied by petrolenm, political and econoqlic
stability, etc. which make such predictions highly suspect. The bottom ling is that there simply isn’t a clear,
convenient method to account for energy substitutes explicitly. For now, we must understand that thqeare

relatively un-measurable forces shaping consumption patterns and that adequate micro or macro-economic

11




variables are not always available to capture these effects.  We acknowledge this limitation in any subsequent
correlation or model developed. It is hoped that any correlation cocfficients (fudge factors) developed by the
use of an energy use ratio (BTU’s oil/Total Energy BTU’s) will implicitly and adequately capture these uncer-

tainties.

Past Encrey Usage: We have already hinted at this factor in our discussion of alternative sources of energy.

Basically, population and the degree of industrialization do not change dramatically from year to year. Addi-
tionally, changes in consumption patterns in response to changes in energy costs occur slowly. It takes time for
conservation efforts to gain momentum and become effective. Likewise, converting domestic and commeregal
encrgy using equipment to use an alternate energy source requires time and money, and must be accomplishéd
in stages. This degree of past energy use is also implicitly tied to a country’s short-term dependence on that
energy resource. Energy use simply can’t change much from year to year. The past energy use is analogous to

an object moving at a constant velocity. Rising prices tend to slow down usage while falling prices teﬂq}l to

speed up usage. Price then provides the accelerating forces necessary to accomplish a change in demand.

« Magnification: The more of a particular type of energy a region uses the more dependent on
/' that type of resource the region is. For a region that is heavily dependent on petroleum, for ex-
o ample, it is-unlikely that consumption will vary much from year to year. On the other hand, a

* region which only gets a small percent of its energy from oil would be able do without this

source relatively easier and demand would be extremely price sensitive. What this means is that the propor-

tion of energy use acts like a magnifying ferce to price fluctuations. When the proportion of petroleum to

total energy consumption is high. the price of petroleum will be quite sensitive to changes in supply or demand.
In other words, the more dependent on a particular energy source you are, the more volatile prices will be. The
ratio of energy use, discussed earlier, may be able to capture this price sensitivity and the energy dependenge as

it relates to energy aliernatives.

Qil Taxes: Oil Taxes take several forms. There are export taxes which are designed to provide revenyes to
exporting governments or to deter the export of oil products. There are also import taxes which are designed-to
provide revenues to importing governments, reduce dependence on foreign oil and protect domestic oil provid-
ers from global competitors. These taxes exist in varying degrees with regard to every exporter and importer of

oil energy in the world. The net effect is that consumers pay higher prices.

All Things Considered: The contribution to price made by taxes, although large, should be considered part

of the distribution cost of acquiring oil and oil products and not explicitly. analyzed as a factor of price
movement. It is incorporated into the various energy costs and mix of energy resources used in a region as dis-
cussed previously. Another way of looking at this is if taxes were reduced or eliminated in one I:e,g,‘ionW new
demand and supply patterns would be established as part of a worldwide distribution equilibrium. If another

12




region wasn’t satisfied with the share of oil it received, it could reduce taxes (and price locally) and once again

rcalign demand in the worldwide distribution equilibrium.

Tax Policy Simplificd: The fact that we are committed to analyzing price and demand on a macro-economic
basis means that we have to-ignore the individual, regional tax differences. The degree of complexity apd
lack of detailed regional tax data on the myriad variations over time make a micro-economic analysis hopeléss

anyway. Taken with the observation that the tax structures of most exporters and importers remains fairly con-

stant, individual regional tax anomalies are not likely to affect global oil markets.

Tariffs And Quotas: Tariffs and import quotas have essentially the same effect as taxes; they add an addi-
tional component cost to imported oil and oil products. Currency exchange rates are also part of the cost of QO-

ing business. Using the same logic as applied to taxes, these incremental costs are simply part of the overall

energy distribution cost matrix and should not be analyzed separately.

Price Controls: Price controls are different. They are political in nature and designed to protect the domestic
oil industry or stimulate the economy. Price controls are employed to gamer. political support and are- _no___t:%l
consequence of open market forces. The United States has been the primary region employing price controls
to any degree. ®*  During the 1960’s, when crude oil was plentiful and world prices were relatively low, the U.
S. artificially held oil prices high to protect domestic producers. In the 1970°s, when world oil supplies wére
constricted and prices were high, domestic prices were held somewhat lower. In both of these periods, U.S.

consumption patterns relative to the global open market price of oil were distorted. 1t is difficnlt to know how
to quantitatively address this. factor. The basic result was that there was a price off-set. The magnmﬂe\ of

these off-sets generally remained about the same and in effect, became part of the overall energy distribu-

tion cost matrix encompassing taxes, tariffs and import quotas. Using previously described logic, indivijdual
price off-sets will not be analyzed as a discrete factor affecting demand or price. :
f ) Climate: In the short run, climate can play a role in oil price. An unusually
V' long and cold winter may increase regional demand far heating oils, driving up
" ocal prices. Such uﬁexpected deviations from established energy distribution
patterns are extremely short-lived and should be of little consequence in, con-

structing a long-term oil market simulation model. Numcrous models have

attempted to account for weather through the use of widely reported cooling degree/heating degree environ-

mental indexes. These efforts have proved unsuccessful and we will therefore ignore weather considerations.

Political Speculation: Througheut the twentieth century, uncertainty about the continued availability .of oil
supplies has prompted individual governments and industry to conduct speculative oil buying to assure .Lhﬁ\ﬂ-

selves of adequate supplies. These speculative purchases were made without the use of credible economic indi-

cations of shortage or impending shortage, were irrational, and were therefore not part of open market forces.




In spite of this, they had definite and pronounced effects on the availability and price of oil for brief periods.
The short but vigorous price response to these speculative actions makes them more suited to the gualitative

analysis stage rather than to make an attempt to account for them in a long-term quantitative mpdel.

War or other Disasters: War, regional conflict. economic depression, natural disasters or political collapse
~ can have definite impacts on the supply, demand and price of eil. The sporadic and relatively unprediqtable
nature of these events makes an analysis of their impact better suited to the qualitative analysis stage.

Supply: Total crude oil supply is derived from discovered reserves, unproved reserves, inventories, crude oil
production, production gains from refining-cracking operations and petroleum-gas liquids (PGL).. The assum?-
tion is made that an increase in demand will result in a proportional increase in supply. There is some diffi-
culty in specifying supply or demand, for with numerous production and refining processes, differing grades of
crude and a highly variable demand for light and heavy finished products, supply or demand could be inter-
preted in many ways (i.e., the supply of gasoline or the supply of Saudi Light Crude). The cost/price of thq;e
various products varies widely. For our purposes, energy supply and demand will be equated to aggregate
crude oil supply and demand, and a single_ aggregate crude. oil price will be used to represent energy prices
in general. ' This is in line with our intent to model the petroleum market as either a single global market or

as the U.S. market in isolation.

Supply-Price Cycle: When energy demand increases, demand-for crude oil increases and.crude oil prices rise

as consumers compete for scarce resources. Production and refining facilities increase output to meet the. in-
creased demand. Petroleum reservoirs, due to their physical arrangement, have optimal extraction rates aﬁd
thus have production limits.  Additionally, existing tankers, pipelines.and refineries, with their tremendoys
capital costs, are typically operated at or near capacity and little reserve surge capability exists. Pre-positionéd
inventories can alleviate short-term shortages, but any sustained energy demand quickly overwhelms existing
capacity. The only remaining solution lies in locating and developing new petroleum reserves. Higher prices
result in increased exploratory drilling and increased production from existing reserves when feasible. ' This
pressure leads to new discoveries and the construction of new production, transportation and refining capacity.
As may be imagined, the time from a sustained increase in energy demand and crude oil price, to the time when
new resources are brought to market, is measured in years and in billions of dollars in capital mvestment. As
new sources of supply ramp up production output, the increased demand becomes satisfied and the relative
scarcity dissipates. As production capacity exceeds demand, energy/oil prices drop, making additional explo-
ration and drilling unprofitable. As exploration and drilling activity wane, the petroleum industry settles out at
a new level of optimal production output. Eventually, the pressures of increasing demand begin working until
a significant rise in prices is once again experienced. The great capital expense and significant time-lag in-
volved with locating and developing petrolenm reserves precludes the petroleum industry from mirroring the

relatively linear increase in demand and therefore condemns the industry to a constant cycle of overshooting
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and undershooting needed supply.

Crude Production: The first and most important element of the supply

cycle is gross crude oil production. One might argue that Total Supply,
which included the products of refining-cracking, petroleum gas liquids
(PGL), and coal-gas and shale-oil operations, in addition to gross crude
oil production, would be more appropriate since we are attempting to
capture the relationship of total supply and total demand in our model.
The difficulty in calculating total supply in this fashion is that reliable
data for production volumes for these secondary sources is not readily
available or consistently reported throughout the world. It is reasonable
to assume that if demand for crude oil were to increase by 10%, that
each of the components of total supply (gross crude production, crack-
ing. PGL, etc.) would each increase by that same 10% to meet the de-
mand. It is also reasonable to state that the vast proportion (>70%) of
Total Supply is accounted for by gross crude oil production and that any

measurable shift in production would be completely representative

of a shift in Tetal Supply. Since we are trying to correlate a change in

Total Supply with price, we should be able to use gress crude oil pro-

duction as a reasonable proxy for Total Supply in our model.

Assumption: A key assumption in the use of gross crude oil production as a proxy for Total Supply is that the
secondary sources remain exactly that, secondary. If energy prices and demand increase to the point where
coal-gas and shale-oil operations and thermal and catalytic cracking and reforming operations become signifi-
cant and independent contributors to Total Supply, gross crude oil production alone may prove.to be unrepre-
sentative by itself. For the purposes of this study, the assumption that gross crude oil production is an excellent

proxy for Total Supply is presumed to.hold.

Considerations And Simplifications: In attempting to understand gross crude oil production, there are several

factors to consider. The level of production is constrained by the physical size of a given reservoir and other
geologic factors such as rock porosity, reservoir pressure and temperature, viscosity of the crude present, the
amount of gas and water present, etc. Crude oil production may be enhanced by polymer, steam, water or gas
injection processes. Crude oil production may be constrained by the number of wells which can be drilled due
to climatic or geographic hardship such as those involved with arctic or off-shore production facilities. It may
also be constrained by a limited distribution or storage system whereby available tankers or pipelines simbly
cannot remove product to refineries or markets any faster. Price is also a significant factor. Unless the crude

oil can be produced profitably, oil will not flow. These variables are further complicated because they vary
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considerably from reservoir to reservoir and change for individual reservoirs over time. There is no meaningful
way to capture the vast array of differcnces in production on a reservoir-by-reservoir, country-by-country or
region-by-region basis. Our only hope is to use aggregate Global (U.S.) gross crude oil production data in our
attempts to explain price. Once again we will ignore the micro-economic complexities in favor of a macro-

economic measure in our moglel.

Petroleum Reserves: Another important element related to crude oil price is the availability of known petro-

leum reserves. Reserves are an estimate of when supplies will run out given current product withdrawal rates.
If reserves are deemed low and petroleum is relatively more scarce, petroleum prices are expected to be higher

and visa versa. However, the use of petroleum reserve data to help explain price is not without complications.

Complications: Reserves are estimates and as it turns out, extremely conservative estimates. For a particular

reservoir, as deeper wells are drilled and as actual production and depletion rate information is compiled, a bet-
ter picture develops as to the total economic production potential of a given petroleum formation. For large
formations expected to produce for 50-100 years or more, an accurate picture is decades in forming. Thus, pro-

duction and reserve estimates for any given reservoir are revised extensively over the producing life of a given

reservoir. Early calculations tend to significantly underestimate the actual recoverable volume present and

thus, reserve estimates are constantly revised upwards. '

Price vs Reserves: Price also plays a major role in establishing the level of proved reserves. Proved reserves

should perhaps better be called reserves which ean be economieally recovered at this time. H supply ex-

ceeds demand and prices are low then only the most efficient (least costly) producing reservoirs will be allowed
to produce because only the cheapest oil can compete effectively in the energy marketplace. Such reserveirs
would typically have substantial natural pressure driving petroleum towards recovery wells (primary recovery)
and would tend to not involve significant and costly pumping, injection or secondary/enhanced recovery opera-
tions. The volume of reserves which could be economically recovered at this price would be understandably
smaller. If prices were to rise significantly, then less efficient reservoirs/wells could be brought on line, secon-
dary and enhanced recovery techniques could be employed and even coal-gas and shale-oil operations begin to
make contributions. The volume of reserves which could be economically recovered at higher prices is under-
standably higher. The problem is that the amount of oil in the ground or the technological capacity to recover

the oil hasn’t changed, only the price. This means that price affects the level of reperted reserves and the

level of reported reserves affects price making it difficult to assign meaning to reserves estimates in our

modecl.

Price: To account for the circular influences of price on various elements which themselves influence price, a
method of relating past and current prices must be used. The best accepted method for doing this is to use a

price-to-price ratio, such as the ratio of prices from 1982 to 1981 and correlate this ratio with the 1982 price.
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Constructing a model in this way will allow any coefficient to capture the price ratc of change and pricc mo-
mentum effects as well as implicitly linking past price influences into the model. At this point there is no rea-
son to suspect one particular time-lag ratio over anether ( year-to-year minus one ratio vs year-to-year minus

five ratio, for example) and the current and previous year pricing data will be used in this analysis.

Reserves Dilemma 1: Over time, there has been a constant threat of depleting proved reserves and running out
of oil. Such speculation has boosted prices and led to a subsequent increase in estimated reserves. Proved re-

serves alone ignore the dependence of recoverability on price. Annual revisions and extensions to proved

reserves have historically amounted to two-thirds of the total annual production in that given year. 7 Essen-
tially, there seems to always be a concern that supplies will run out, but as price increases, new sources, now
economically recoverable, are added in and we actually never run out! The bottom line is that proved reserves

are an unrchiable estimate of actual recoverable petroleum.

Rescerves Dilemma 2: Another problem in evaluating reserves is that reservoirs are not conveniently located

within geographic borders or in readily accessible areas. It is not always possible to adequately map out a
given reservoir given these constraints. There may also be a problem of double-counting if adjacent countries
report reserves for a reservoir shared by both countries. Strategic Reserves, such as the U.S. Strategic Petro-
leum Reserve (SPR), when compared to global reserves and are not significant and are not a factor in this

study.

New Discoverics, Reserves And Price:  Another component affecting reserves was alluded to in the discus-

sion of the Supply-Price Cycle. Following a price increase, the amount of exploration and drilling increase and
previously undiscovered reservoirs are added to the global reserve total or estimates for existing reserves are
revised upwards. Studies indicate that the number and size of new discoveries are linked to price, the number
and size of past discoveries, and to the degree of new discovery in specific geographic regions. Studies attempt-
ing to link the degree of new discoveries (new reserves) to price increases in specific geographic regions has
not produced useable results. * The primary problem is that data is only available for regions encompassed by
national boundaries and that what is needed is data based on areas of similar geologic conditions. Data is sim-

ply not available to support a model to this degree of detail.

Pressing Ahead: Despite the significant shortcomings of petroleum reserves they do- have an impact on

price. The best method for dampening out or smoothing over the regional volatility is to use Global proved
reserves (U.S. proved reserves) in our attempt to correlate reserves and price. We know that the absolute

value of proved reserves is inaccurate, but since the petroleum industry has consistently used this conserva-

tive approach in its estimates, we may yet find a meaningful contribution towards price over time in a mul-

tiple regression analysis including proved reserves.
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Reserve To Production Ratio:  Another factor which we may be able to relate to price is the Reserve/

Production ratio. Since such a ratio incorporates both production and proved reserves and is a genuine indica-

tor of the relative scarcity of erude oil given current consumption rates, it may prove better than either Pro-

duction or Proved Reserves in explaining changes in price. Since this ratio incorporates production and proved
reserves it carries with it the assumptions and uncertainties associated with its components. A similar regional
problem exists in attempting to capture Reserve/Production ratios for they vary from 100:1 down to 3:1 de-
pending on the particular reservoir or geographic region. '*  For this reason, only a Global (U.S.) Reserve/

Production ratio will be used, calculated from corresponding production and proved reserve data.

Inventories: In addition to Production, Proved Reserves and the Reserves/Production ratio, several additional
factors should be considered in attempting to capture the effects of petroleum supply on price. One might want
to consider inventories an important component but in reality they are extremely small given aggregate world
wide demand. Inventories primarily provide a small cushion ... a buffering volume allowing producers, refin-
ers, transporters and retailers to make optimal, cost effective use of facilities and distribution channels. Inven-
tories (with the exception of the SPR) should be viewed analogously to a cash drawer at a bank. necessary to

accomplish daily transactions but insignificant when compared to the bank’s true inventory of financial assets.

Bottlenecks: Experts have also attempted to relate refining capac-

ity to price. This makes sense in theory, for if refining capacity be-
came the limiting factor in providing adcquate supplies of petroleum

products, this should be linked to price. However, if refining capac- o

1B

ity consistently excceded refining demand, it would never prove to be

a bottle neck and therefore have no substantial impact on changes in » . Lo L

price. In fact, refiners, both large and small are quite numerous and

exist in a highly competitive market. Such a market carns only a >

normal return on the capital invested and refiners are extremely effi- i

cient at achieving just enough refining capacity to meet demand : o7

TITT

without enduring meaningful periods of over or under capacity.

Similarly, the tanker and pipeline distribution industry is highly com- y

petitive and does not subject the oil industry to unusual price fluctua-

tions. Basically, transportation (freight), refining (processing) and oil ettt bbb kb

taxes are simply added on to the base crude oil export price. Although these elements make up a portion of the
final crude oil price they are rarely involved in causally changing the price and therefore will not be examined
in this analysis. Although this is the rational approach, markets don’t always think rationally. If production
and consumption levels increase relative to total refining capacity, then the market gets worried and prices tend

to rise. We can capture this factor by correlating price to a ratio of Production/Refining Capacity.
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Exploration And Drilling: Experts have attempted to correlate petroleum price with the number of wells

drilled in a given time period (drilling rate) and the rate of new reservoir discoveries. As discussed earlier, the
number of wells drilled and the rate of discovery of new sources is linked to price fluctuations. This relation-
ship is somewhat time-lagged in that drilling efforts increase after prices start to rise and taper off after prices
start to fall. Both of these measures are a result of changes in price and not the other way around, however.
More drilling does not necessarily result in lower prices although one would suspect that more drilling would
lead to the discovery of new reserves and new production sources, eventually lowering price. The time lag be-
tween exploratory wells drilled and their impact on proved reserves and price may be captured by correlating

price to the number of exploratory wells drilled some number of years previously.

OPEC: One final topic to address when considering supply issues is OPEC. In 1973, OPEC was able to
briefly reduce the availability of global petroleum supplies and influence price. It was able to do this at a time
when the quantity of reserves and excess production capacity was greatly diminished and when an increasing

demand was about to precipitate significant price increases anyway. ' The degree to which OPEC was able

to alter prices is still highly debated. Over time, OPEC has suffered from lack of cohesion and discipline as

a cartel and its production cut-backs have had relatively arbitrary effects on petroleum price in the long-ryn.
With individual OPEC members constantly cheating on production limits and with the vast increase in non-
OPEC discoveries, reserves and production capacity since the 1970’s, OPEC can be considered to have a
loose influence on petroleum price at best and at worst negligible effects on price. 2* A confounding factor for
OPEC and an understanding of OPEC’s influence is that if OPEC reduces production to raise prices it suffers
a reduced petroleum market share and erodes its level of influence. The more OPEC squeezes supply, the
more customers turn to alternative suppliers or meet energy needs differently and thereby deprive OPEC of its
desired influence. The important point is that any component in the supply chain which can restrict or be per-
ceived to restrict the flow of petroleum can act as a bottleneck and influence price. One quantitative method of
determining the significance of QPEC on oil price is to calculate QPEC’s share of total crude oil production

(OPEC’s market share) to see if it has any correlation to price.
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Stage 11: Data

Key Factors: Through a reasonable application of logic, twelve key factors were identified and are suspected

to have a measurable influence on crude oil price.

Birectly Proportiona!l Inversely Proportional
Population Gross Crude Oil Production
Population Growth Rate Proved Reserves

Gross Domestic Product (GDP) Reserve/Production Ratio
GDP Growth Rate Exploratory Wells

Ratio of Energy Use

Production/Refining Capacity

Price/Price Ratio

OPEC Market Share
The eight factors in the left column would be expected to increase price with an increase in the factor. We will
attempt to correlate these factors directly with price. The four factors in the right column would be expected to
decrease price with an increase in the factor. We will attempt to correlate the reciprocal of these factors (1. /
Gross Crude Oil Production for example) to price. The correlations we obtain by relating price to a factor or 1/
factor is the obvious place to start. however, this tends to only capture linear relationships. It is also necessary
to attempt price correlations with non-linear derivatives for each of these key factors. In this analysis, we will
calculate the logarithm and the square for each factor and correlate those calculated quantities with price as
well. In this way, we can determine if a non-linear relationship exists which may be stronger than or comple-
ment any corresponding linear correlation. These factors were selected as the best macro-economic variables
for which data is readily available. Our goal is to attempt to correlate these factors to crude oil price over a
long period of time to give our model viability. In assembling a model from any correlations we uncover, it
must be remembered that most of the macro-economic factors and economic indicators we seek to use are often
reported time late due to the necessity to collect, collate and publish data. This stipulates that our model will be
useful to the extent of predicting crude oil price levels and expected changes to those levels on perhaps a quar-
terly, semi-annual or annual basis. It will not be possible to predict daily or weekly price variations using the
macro-economic variables in our model. Our attention must now turn to identifying an appropriate period

(number of inclusive years) for which to obtain that data.

Data Requirements: An ideal period on which to base our medel should be reasonably long (>20 years), have
consistent data available for the factors we seek to study and be homogeneous. Homogeneity is crucial in that

we want our model to be contemporary, that is, to work now and for the next decade or two. Since oil emerged

into the market place in 1859, the petroleum industry has passed through many distinct phases as it evolved to

the industry we know today. The current petroleum industry is what we seek to model and we must there-

fore exclude any periods for which the characteristics of the oil industry _markedly differ from the con-

temporary system.
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First Petroleum Era: Clearly the era prior to World War I is completelv dissimilar to today’s market. Dis-
coveries were based on blind luck, the industry was rocked by violent booms and busts and wild growth and
experimentation were the norm. Monopolies, such as Standard Oil, dominated the market and the independent
producers. The environment was never considered and the kerosene product was used almost exclusively to
light lamps. Several technological breakthroughs radically changed this infant oil industry. The invention.of
the electric light bulb in 1882 paved the way for electricity to replace oil as the source of light for residential

and commercial customers. The invention of the internal combustion engine in 1896 revived the oil industry

and generated a revolutionary transformation in which the automobile replaced the horse.

Second Petroleumt_Era: The period between World Wars was largely a-

transition phase. Anti-trust efforts broke up the monopolies and the large

oil companics sought to extend their influence into international markets.

Qil was discovered in new regions such as Persia, Mexico, Venczuela, Iraq

and Saudi Arabia. Foreign oil concessions became the dominant theme as

oil moved to the center of the energy picture. Oil burning ships, airplanes,
and power plants joined the automobile in their demand for more oil.

Economically, the world experienced the high of the Roaring Twenties and the low of the Great Depression.
The United States was a relatively passive player in world affairs. The difficulties in communication and trans-
port left large portions of the world isolated. During World War 11, the United States emerged as the dominant
economic, military and political influence on world affairs. In the aftermath of WW II, much of the world was
rebuilt or dominated by democracy. The U.S. oil reserves and oil industry were critical to achieving this sud-

den transformation and economic growth. The power struggle for global dominance clearly shifted to a strug-

gle for dominion over oil.

Third Petroleum Era —~ Great Transition. Following WW 11, the U.S. and

the world began building reads and automobiles at record pace. The petro-
chemical and plastics industries emerged along with technologically ad-

vanced methods for the location and production of crude oil. Telephones,

televisions and jet airplanes closed the communication gap and more closely

linked disparate global economies. Superior economic growth resulted from massive infusions of oil energy

used to construct a modern industrial base.

Stupendous Demand And Change: Between 1948-1971, U.S. oil consumption rose 300%, European con-

sumption rose 1,500% and Japanese consumption rose over 13,000%. During this same period, the number of
cars in the U.S. increased from 45 million to 119 million. Outside America, the number of cars increased from
18.9 million to 161 million as the global automobile industry flourished. *' New roadways and a migration of
people to the suburbs was behind the ever increasing number of cars. By 1976, nearly 90% of population

growth in the U.S. had settled in suburbs, necessitating commuting, and thus, more automobiles.
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The Interstate Highway Bill of 1956 provided for the construction of over 42,000 miles of new roads. An en-

tire industry of hotels, restaurants and service stations exploded across the landscape to support an increasingly

mobile population. *

A Shifting Repository Of Wealth And Power: Between 1948-1972, world crude oil production increased
from 8.7 to 42 MMbbls/day. The U.S. went from producing 65% of the worlds total crude oil to less than 22%
as developing countries in the middle east joined the production frenzy. The status of proved oil reserves
shifted from the U.S. controlling 33% of 64 billion barrels of crude in 1948 to controlling less than 7% of

nearly 666 billion barrels available by 1972. This was a time of great economic growth and of significant insta-

bility and transition for the petroleum industry. Concessions still dominated the foreign oil industry and price
was largely controlled by exploitive, long-term contracts. Crude oil import quotas were imposed by the United
States from 1959-1973 and kept U.S. oil prices excessively high to protect domestic oil producers. The il in-

dustry was still far from an open market. Events, such as the 1956 Suez Crisis, in which Egypt nationalized

this critical trade choke point, set the stage for the downfall of concessions and for the emergence of an gpen

petroleum market. **
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Reflection: Figure I is illustrative in helping define the different petroleum eras. Crude oil price, both Nomi-
nal and inflation adjusted to 1999 dollars, is plotted over time. It is obvious that the period from 1860-1890 is
quite different from the 1890-1945 period. It is equally obvious that crude oil price patterns during the period
1945-1970 were substantially different from those between 1970-2000. 1970 corresponds to the moment when
OPEC overtook the U.S. and gained a 50% market share of the world petroleum production output. *

Comparison: Figure 11 depicts a comparison of aggregate world crude oil production since 1945, Aggregate
world production increases logarithmically until about 1970 when the aggregate growth rate becomes notably
linear. Figurc I shows the percentage of gas wells drilled in the U.S. since 1945. The sharp increase arqund

1970 indicates a significant change in energy production and consumption pattemns.
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Figure IV shows the percentage of U.S. crude oil imports since 1945. It also indicates a sharp break with the
historical trend around 1970. Figure V depicts the average cost per foot for drilling new wells in the United
States. A 700% price increase beginning in 1971 signifies a dramatic change. A reasonable hypothesis is that
a flood of new environmental protection laws such as the National Environmental Policy Act (NEPA 1970), the
Clean Air Act Amendments (1979), the Clean Water Act (1972), the Safe Drinking Water Act (SDWA 1974),
and the creation of the U.S. Environmental Protection Agency (1970) all created vast additional legal and envi-
ronmental costs for companies pursuing oil exploration and development. It is also reasonable to assume that
most of the easy to reach oil reserves had been found and that the preponderance of new oil reserves would ne-

cessitate exploring in more inhospitable and expensive locations.
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Figure 1V: Source: Twenticth Century Petroleum Statistics, 1998
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Figure V: Source: Twenticth Century Petroleum Statistics, 1998
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Figure VI shows total U.S. energy demand over time. For about 25 years immediately following WW II, U.S.

encrgy consumption ramped up stcadily and steeply but then nosed over sharply and remained relatively vola-
tile after 1972. Figure VII indicates U.S. economic growth since 1960. This data suggest a period of slow lin-
ear growth ending about 1972 followed by a period of much faster linear growth starting about 1974 and con-

tinuing until today.
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Figure VIII reveals that the U.S. population growth rate declined sharply until about 1969 and then transi-
tioned to a substantially more modest growth ratc in the three decades that followed. 1t also reveals the world
population growth rate during the same period and shows a decade long stretch where growth rate peaked out,
followed by a sharp break in 1971 and a steadily declining growth rate since.
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Fipurce VIIT: Source: Twentieth Century Petroleum Statistics, 1998

Conclusion: An examination of each of the eight preceding figures cannot be considered exhaustive or imply

specific causality as to why the economic environment changed around 1970. The results and not the cause

are what is important. The decision to focus on data analysis for the period 1970-1999 and exclude pe-

troleum data prior to 1970 is monumental. Such a decision required that we devote a substantial effort to

convince ourselves that the petroleum industry can be characterized in a markedly different way after 1970.
The data support a strong conviction to this effect. For the purposes of this analysis, the current petroleum in-

dustry will be taken as beginning in 1970.

Stable Or Not?: The period from 1970-1999 has net been entirely stable, however. Oil had become a matter
of state policy and national security and represented power which could be used as a weapon. The Carter Doc-
trine, issued in 1980, clearly established that attempts to illicitly control oil would be viewed as a direct na-
tional threat to the U.S. requiring strong political and military response. ** The 1973 Yom Kippur War which
precipitated the first major “oil Crisis” is illustrative of how oil power was able to achieve political aims. ¥’
The International Energy Agency was formed in 1974 to help understand, coordinate and moderate the effects
of global oil pressures. The concept of an “Energy Crisis” was conveyed to citizens the world over to establish

a direct link between oil and prosperity. Qil was no longer a commodity, it was a vital necessity to sustain-

ing a way of life.

26




Changing Technology & Markets:. Particular to the

modern petroleum era, off-shore drilling and horizontal
drilling were possible and profitable and 3D seismic imag-
ing techniques made the search for and evaluation of new
oil rescrvoirs more exact. Oil discoverics in Alaska, Mex-
ico and the North Sea added huge production volumes to
non-OPEC producers. By 1980, non-OPEC producers had
overtaken OPEC in crude oil production market share
(Figure 1X). By 1995, a market share equilibrium had
evolved. This modern petroleum era was marked by sev-
eral large shifts in crude oil production market share and
corresponded to shifts in relative économic and political
power. This docsn’t appear particularly stable.
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A Different Petroleum  Market: Concessions had begun to fall apart in 1950 when a 50:50 profit sharing
deal was struck between ARAMCO and Saudi Arabia. In 1970, the world was at a 99% utilization rate for oil;

the surplus was gone and a sellers market prevailed. ** The initiative had passed to the exporters. In 1970, the

Shah of Iran was able to obtain 55% profits which paved the way for the Tehran Agreement in 1971 whereby

all oil exporters were to realize 55% profits. By 1977 the last of the original oil concessions was gone, sover-

eign ownership was permanently established and the spot market emerged to fill the void left by dissolved
long-term agrecments. By 1980, deregulation had successfully lifted oil and gas price controls in the U.S.
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Figurc X indicates how U.S. and global oil prices tracked from 1970-2000. Notice the large price offsct be-
tween Arabian Light (34) (taken as represcntative of world oil prices) and U.S. domestic oil prior to 1980. Ini-
tially, U.S. prices were off-set higher but from 1973-1979 U.S. price controls held the price off-set lower. Af-
ter 1980, U.S. and world oil prices track much more closely indicating that open market forces were at work.
The oil production and pricing mechanism evolved from a rigid, exploitive system which gave advantage to the
buyers (1950) to an environment of relative shortage which gave advantage to the sellers (OPEC 1974-1978) to
an open market system in which buyers and sellers completed oil transactions on a relatively equal basis (1985-
2000). From this analysis of petroleum markets it appears that the period from 1980-2000 is most representa-
tive of the free market forces and that the oil markets underwent a transition between 1950-1979. However, the
period from 1970-1979 marked the most pronounced change towards competitive markets and it is reasonable

to include this period as being characteristic of the modern petroleum era also.
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Figure X: Source: Twenticth Century Petroleum Statistics, 1998

Conservation And Environmental impacts:  Once price controls were lifted in 1980, true energy costs were

felt by industrial and residential consumers. By 1985, conservation efforts had reduced total energy consump-
tion, a significant break from a century long trend of increasing energy demand. **  As previously mentioned,
environmental concerns exerted ever increasing pressure on the petroleum industry, both in areas of exploration
and development and in spill control and liability. The Exxon Valdez disaster (1990) in particular resulted in

numerous regulatory burdens on the oil industry.

Characterization: Although changes have occurred within the petroleum industry between 1970 and 2000,
this period can be distinctly characterized by:

Oil being synonymous with power & an oil-power equilibrium being established

A move towards open markets, sovereign ownership and price/quota deregulation

New exploration and preduction technology

Environmental awareness and conservation
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These characteristics arc particular to the 1970-2000 period and thereby constitute the modemn petroleum era
we seck to study. In addition to the prominent shift in characteristics and trends which focused our attention on

the 1970-2000 period, there are other data concerns we must address.

Missing & Incomplete Data: Some data simply doesn’t exist while other data is incomplete. We alluded to

more exotic regional data such as import/export taxes, rates of economic growth and energy use, and exact
population estimates as being difficult or impossible to obtain for developing regions. Where data for basic
economic factors such as crude oil production or imports does exist, it often hasn’t be recorded credibly for
long periods of time. Older data tends to be more suspect and global data prior to 1945 is largely incomplete or
composed of rough estimates. Lack of credible and consistent data for basic petroleum industry variables tends

to constrain any meaningful analysis to periods after 1945.

Data With Different Units: Throughout the numerous published resources pertaining to the history of petro-

leum one can quickly find many different unit bases in- use. For example, erude oil production volume is typi-

cally expressed as;

1,000 Tons of Coal Equivalent
Metric Tons (MT)

Miltion Barrels (MMbbls)
British Thermal Units (BTU’s)
Cubic Feet (CUFT)

While data can be converted into common units, rounding errors alone can account for significant incongruity

when attempting to compile a data sequence from multiple sources. For example, the American Petroleum

Institute (API) reports U.S. Proved Reserves in 1950 as 25.3 billion barrels while the Energy Information Ad-

ministration reports a value of 25,268,398,000 barrels for the same year. The results are close but rounding

error and a differing number of significant digits alone. can throw off an analysis. Significant variation will

result simply by changing data sources in mid-stream analysis and results will become more volatile simply

because different data sources were combined. To avoid or minimize this effect, a single source of data for a
given time period, 1970-2000 for example, should be used. Lack of consistence data sources prior to 1945 was

a strong consideration in excluding the period from this analysis.

Reporting Source: Different data sources, such as the United Nations, World Bank, American Petroleum In-

stitute, U.S. Department of Energy, U.S. Department of Commerce, Central Intelligence Agency, etc. have re-
corded and published petroleum data for different periods of time. In some cases there is overlap, when multi-
ple sources report for the same period of time while in some cases there is no credible data available for certain
time periods. For example, despite an exhaustive search, no global crude oil production data seems to be avail-
able for the years 1936-1937. Even when data is available it does not easily compare with reports from another

source. Production is not always production! Some sources report total supply or refining capacity under
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the heading of production and include byproducts from
thermal and catalytic cracking and reforming operations, } ;-

petroleum gas liquids, gas oil, shale oil, inventory draw
downs and eastern block and soviet contributions, in addi- ! i

tion to gross crude distillation. It is often difficult or im- A

possible to know which components were included or ex-

cluded from a particular reporting source. Some published —4

sources clearly indicate what components were. included -

while others fail to explicitly mention what the data is
meant to include. Another problem is data sources which

report consumption in the form of a major finished product *

such as gasoline while ignoring the volumes of secondary

products. In some cascs data is reported for major produc- f

ers only, and secondary producers are excluded.

Discontinuity: Another danger when attempting to use multiple sources to complete a lengthy data timeline is
discontinuities created simply by changing the data source. Unless resolved, such discontinuities may proveke
the analysis to conclude that something unusual happened at a certain point in time when in fact, all that hap-
pened is that the data source shifted. For example, examine the data for U.S. Proved Reserves from two report-
ing sources shown below; the API data for 1949-1979 and EIA data for 1977-1998. The three years of overlap-

ping data are shown below:
Year API EIA Change
1977 29.49 - 31.78 -2.29
1978 27.80 31.36 -3.56
1979 27.05 29.81 -2.76

Volumes Are in Bhbls (Biflions of Bavrels)

The problem is that the overlapping years don’t match up well. If your data stream had to transition from older
API data to EIA data, then there would be a discontinuous jump in volume by 2.29 to 3.56 billion barrels de-

pending upon the year in which the transition was made. This is illustrative of how much of the data in the

petroleum industry is recorded and of the danger of carelessly linking different data sources together

indiscriminately.
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Data Gathering Pitfalls: How the data was gathered in the first place can be another cause for concern. A

prime example lcads us 1o look at published proved reserves data again. This data is derived from surveys sent

though out the world. While respondents are given guidelines, there is latitude for wide interpretation as to

what te include. Some countries fail to update their reserve figures meticulously or at all and their reports are
useless. Others fail to respond at all and estimates must be used or that particular country’s contribution left
out. Other countries substantially under report reserve levels in hope of driving prices higher. Often new dis-
coveries take years before being added into the total reserve picture. The bottom line is, even the source.and
methodology for obtaining data may be suspect for a particular published report.

Data Approach: Since we cannot reasonably go out and gather our own data we are constrained to use data
that is already published. To minimize the possible negative effects discussed above we must choose both

our data sources and our period of study to ensure maximum_consistency and continuity. This means re-

stricting the number of different sources employed and ensuring that continuous data is available for any one
data stream. This approach generally precludes using data prior to 1960 and taken with the earlier discussion
concerning the scope of the modern petroleum era we seek to study, leads us back to the 1970-2000 period.

You Get What You Pay For: It should also be noted that this is an unfunded research process and that all data

used was data that was freely available. There are agencies, such as APY, and private companies, such as the
Oil and Gas Journal and WRTG Economics, which possess proprietary petroleum data which can only be ac-
cessed for a substantial fee. The U.S. Department of Commerce also publishes many important economic sta-
tistics which may correlate well with crude oil prices but which can only be obtained for a fee. One example is
time series data for the Total Direct and Indirect Costs of Federal Government Regulation. Such data pertains
to the costs of externalities imposed on industry and consumers by regulators such as auto emission standards,
packaging and labeling requirements, worker health, safety and pollution laws. We already noted in Figure V
a tremendous drilling cost increase which coincided with stricter environmental regulations in the early 1970s.
This leads to the conclusion that there may be significant Department of Commerce, API or other proprietary
data which could be used to establish much stronger correlations to crude oil price than the data which is freely

available. The quality of this data is presumed te be superior to the data used in this analysis.

Reminder: It must also be remembered that we are not trying to capture the exact causalities and inter-
relationships of all variables involved. We have taken the practical approach which seeks to use reasonable

macro-economic proxics which have a meaningful correlation to crude oil price. If the trends for the proxy

factors can be related to the trends in crude oil prices then exact data is not needed. The Part-H analysis

can account for factors we failed to include or didn’t recognize and inter-relationships or variables too complex
to model effectively by using properly adjusted correlation coefficients (fudge factors) in our empirical model,

if only we can establish that some relationship exists. To that end we press forward.
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Raw Data: Exhibit I (5 U.S. Data Tables) and Exhibit II (4 World Data Tables) contain the raw and calcu-
lated data in tabular form for the variables and derivatives we seek to correlate to crude oil price. A 29 year
interval (1970-1998) is taken as the modern petroleum era with the unique characteristics we seek to niode{.
Althongh 29 data points in a data series (and in some cases as few as 21 data points) may lead one to question
the statistical significance of the results, we will have te accept this uncertainty in our model. A substantial
case has already been made which demonstrates that data prior to 1970 is expected to pertain to a different pe-
troleum era than that which we seek to model and is therefore useless to us. As time goes on, additional data
will become available which can be included in the modeling effort and which should reduce or eliminate the

statistical limitations associated with a limited number of data points.

Data Sources: The table below indicates the raw data source used for each basic factor found in Exhibits 1
and . U.S. First Domestic Purchase Price ($/bbl) provided by the Energy Information Administration, was
taken as a good proxy measure of composite U.S. price. Arabian Light (34) is often considered to be a repre-
sentative globat crude oil price and was used as a proxy for a composite global petroleum price. Nominal

prices have already been converted into current dollars (1999) as shown in both exhibits.

Factor U.S. Bata Source World Bata Source
Price EIA 20th Century Petrotenm Statistics, 1998
Population www.worldbank org. www.worldbank org
GbP www.bea.doc.gov www.worldbank.org
# Exploratory Oil & Gas Journal; 31Jan00, p-64 No Data
Wells drilled

Production 20th Century Petroleum Statistics. 1998 § 20th Century Petroleum Statistics, 1998

Oil/Total Oil & Gas Journal; 25Jan99, p-58 Dept of Energy
Energy Use

Proved 20th Century Petroleum Statistics, 1998 { Oit & Gas Journal, various (1970-1999)

Reserves
Refining Oil & Gas Journal, various (1970-1999)§ Oil & Gas Journal, editions (1970-
Capacity 1999)
OPEC Market Not Applicable 20th Century Petroleum Statistics, 1998
Share

When examining Exhibit 1 and Exhibit I, note that each key factor and its corresponding data series is indi-
cated with yellow high-lighted columns. Non-high-lighted columns contain input data or calculated derivatives
for each key factor (the logarithm or square function). The Price/Price ratio was calculated using the given
price data where the ratio for the current year was calculated using the following formula; P/P Ratio = Py / Py

1 » where Py represents the current years price and Py.; represents the previous years price. Population and
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GDP growth rates were calculated from raw population and GDP annual figurcs. The reciprocal of the number
of exploratory wells drilled, of production levels, of proved reserve levels and of reserve-to-production ratios
were used as the prime factors due to their inverse relationship to price. The purpose of using the reciprocal of
the factor and its non-linear derivatives was to generate positive, linear regression results during the statistical
analysis phase. No global exploratory well data could be found and this factor will not be analyzed in the
global model. The Reserve/Production ratio was calculated from the proved reserve and production data given.
When it came to locating refining capacity data, most sources only included the crude distillation component of
total refining capacity. Since this only represents about 60-75% of total refining capacity it was not representa-
tive of the data needed. The Oil & Gas Joumnal (various issues) did report comprehensive refining capacity
data which included thermal and catalytic cracking and reforming capacity in addition to crude distillation ca-
pacity for both the U.S. and the world. Unfortunately, this data was only reported for the period 1970-1990 and
no other comparable comprehensive data could be located. We are therefore limited to this 21 year period in
calculating and analyzing the Production/Refining Capacity factor. The Oil Energy Use Ratio was calculated
by dividing the magnitude of oil usage by the magnitude of total energy usage. World energy use data was
only available for the period (1973-1996). OPEC market share was calculated as the ratio of OPEC crude oil
production to world crude oil production. Also note that no logarithmic derivative for the World GDP Growth
Rate factor was used because the logarithm of a negative growth rate is mathematically meaningless. For this

factor, we relied on the squarc-function derivative alone to capture any non-linear effects.
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Stage II: Qualitative Analysis

World Oil Market: Upon review of the petroleum mar-
ket from 1970-1998, hundreds of individual events can
be identified which have potentially impacted petroleum

prices. The vast majority of these events, such as pipe-
line interruptions, refinery fires, new oil field discover-
ies, foreign nationalization of private oil company assets

or unilateral price/production changes, have had rela-

tively negligible immediate impact on crude oil price.
The aggregate effect of these events undoubtedly is important to the overall balance of forces which shape
price, but the individual effect is often impossible to model. For example, throughout the second half of 1999
and into the first half of 2000, a series of events occurred which drove petroleum prices significantly higher.
The sequence began with several U.S. oil refinery fires in the summer of 1999 followed closely by a pipeline
explosion near Seattle, WA and the destruction of a major Turkish refinery by an earthquake. These refining
capacity setbacks coincided with the revival of the Asian economies after an 18 month recession. As 1999
wore on, the increased Asian energy demand and an exceptionally long and cold winter in the U.S. caused
prices to increase. Finally, sensing an opportunity to achieve some short term price gouging, OPEC initiated a
modest production cutback to push prices still higher. The point is that any single event would prove difficult
to correlate to price change since there are numerous events occurring simultaneously and which may affect
price in contrary ways and over differing time intervals. A new oil field discovery in one part of the world may
be offset by a catastrophe elsewhere, with the net result indicating no change. If we are going to incorporate
this qualitative type of data into our model, we must confine ourselves to include only those events in which
crude oil price demonstrates a discretely measurable and singularly significant response to the event. We now

turn to those events.

Major Events: After carefully studying the events of the last three decades, I conclude that there are three
types of events to consider; Extraordinary Events, Significant Events and Aggregate Events. For the purpose of
this analysis, Extraordinary Events are defined as causing a near 100% price increase. Significant Events are
defined as causing a 25%-60% price increase. All other events are considered to be Aggregate Events for
which a cumulative net impact may have an influence on price, but for which an individual contribution is not

easily measured. For this analysis, Aggregate events will be ignored.

Extraordinavy Events: Between 1970-1998, five Extraordinary events occurred which must be considered.

e The Arab-Isracli Yom Kippur War and subsequent oil embargo of 1973/1974. This was the first oil crisis
and caused nominal prices to rise 400% in four months.
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e The Iranian Revolution and deposition of the Shah in 1979 & the start of the Iran-Iraq War in 1980. Al-
though two separate events, it can be considered one continuous crisis within Iran for our purposes. It is con-
sidered to be the second oil crisis and caused nominal prices to rise 260% over one year.

o OPEC institutes a series of pricing schemes in an attempt to regain significant price influence on the market
in 1986-1987 resulting in a. 175% price increase. The effect was short-lived as non-OPEC producers quickly
increased production to return to open-market conditions.

e The Exxon Valdez oil spill in March 1989. Although the effect was short-lived, nominal prices spiked up
160% as a result of uncertainty about the flow of Alaskan oil.

e Iraq’s invasion of Kuwait in 1990. Although the conflict was settled within six months, nominal prices
spiked up 220% as a result of uncertainty about global oil flow, the result of the third eil crisis.

Throughout the modern petroleum era, an Exceptional Event occurs about every 6 years and caused prices to

spike up about 240% on average.

Significant Events: Between 1970-1988, five Significant Events must be considered.

e Supply glut from 1980-1982. Nominal prices fell 25%.
o Open market forces take effect and spot prices are accepted globally in 1985. Nominal prices fall 60%.
e Dissolution of the Soviet Union in 1991. Nominal prices rise 25%.

e Supply glut from 1996-1997. Iragi exports add to OPEC production increases to fuel global economy.
Nominal prices fall 50%.

e Asian economic crisis of 1998 reduces worldwide energy demand. Nominal prices fall 33%

Throughout the modern petroleum era, an Significant Event occurs about every 6 years and causes prices to

change about 40% on average.

The Model: In order to attempt to quantitatively capture the effects of these events, a crude correlation method
will first be employed. Events will be assigned a dimensionless measure corresponding to the magnitude of
price change typical for that event category. A plus (+) sign indicates that an event will increase crude oil
prices and a minus (-) sign indicates that the event is expected to depress prices. An Exceptional Event will be
assigned a magnitude effect of +/-5.0 (on a scale of -5 to +5, a Significant Effect will be assigned a magnitude
effect of +/-1.0 and all Aggregate Effects will be assigned a magnitude effect of 0.0. The magnitude value for
each event will be matched with the year of occurrence or the year in which the majority of the event occurred.
These crude proxy data will be correlated to crude oil price over time. In this rough way we will attempt to de-
termine the proportion of price which can be explained by Exceptional and Significant Events. If a correlation
can be established then an iterative process attempting to match probability distributions and magnitudes can be
used to refine the analysis in Part-II for both Exceptional Events and Significant Events.



Crude Quantitative Assigned Values for Qualitative “Special
Events”

Year | Magenitude Effect

1970 0
1971 0
1972 0
1973 +5

1974 +5
1975 0
1976 0
1977 0
1978 0

1979 +5 =
1980 +5 Q

1981 -1
1982 -1
1983 -1
1984 0
1985 0
1986 +5
1987 +5
1988 0
1989 +5
1990 +5
1991 +1
1992 0
1993 0
1994 0
1995 0
1996 -1
1997 -1
1998 -1




Stage 1V: Analytical Results

Data Randomness: The first step used to analyze U.S. and World petroleum market data was to perform a
statistical Runs Tests and gencrate a Control Chart for the U.S. and World price data series. The results of both

tests revealed that the data was non-random. This confirmed our qualitative observations indicating that the

period from 1970-1998 was not a neatly packaged event comprised of conveniently homogeneous forces and

corresponding data. It also indicated that the extraordinary and significant events previously discussed may

prove to be more influential on price than the other key quantitative factors. The Part-I analysis seeks to deter-

mine if a relationship exists between price and the key factors or their non-linear derivatives and was not con-

cerned with capturing the exact magnitude of particular model coefficients. Therefore, there was no serious

concern about the non-randomness of the data at this point in the analysis.

Individual Resression  Analysis:

Each key factor and its associated
non-linear derivative was individu-
ally corrclated with price using a
statistical regression analysis soft-
ware package. A summary of the
results is shown in Figurc XI at
right.
sults for cach individual factor, see
Exhibit I (U.S. Market Results)

For detailed statistical re-

and Exhibit IV (World Market Re- .
sults). In Figure X1, the R-Squared

statistic indicates the amount of
price that was explained by the fac-
tor on the left-hand side and the P-
Value indicates how confident we
arc that the factor’s contribution is
significant. For our purposes, the
higher thc R-Squared statistic and
the smaller the P-Value (preferably
zero) then the stronger can be our
belief that the particular factor has a
significant effect on price.

Kigure XI: Individual Regres-
sion Results Comparison
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Results high-lighted in green indicate factors which had a strong influence on price while those high-lighted in
yellow indicate only a weak influence. Results high-lighted in red indicate no meaningful influence on price at
all. In addition to the factors included from Exhibit 1 and Exhibit 1L, price was also correlated with our table
of magnitude effect levels for the extraordinary and significant qualitative events discussed earlier. These re-
sults are listed at the bottom of Figure X1 under the factor heading “Special Events”.

Interpretation of Individual Analvsis Results: The initial step was to observe the similarities and differ-
ences between the U.S. and World market results. The previous price, population, population growth rate,

GDP growth rate and ratio of oil energy use to total energy use had essentially no influence on price for either
model. GDP had only a weak correlation to price but the square of GDP had a remarkably strong and signifi-

cant influence on price for each model. We conclude that price is affected by GDP in a non-linear way.

It was somewhat surprising that previous price levels appeared to have little effect on subsequent price levels.
Perhaps this indicates that the petroleum market is more sensitive to supply-demand pressures and less sensi-
tive to momentum and perception than ether commodities. The fact that population levels appear not to infly-
ence price while GDP does is suggestive that it is the relative wealth level per capita, and thus the energy con-
suming potential per capita, that is impertant in driving energy demand. Also surprising was the lack of influ-
ence of the oil energy use ratio. Increased dependence on oil should correspond to relative price insensitivity
and thus higher prices but this is not borne out by the results. Perhaps this ratio is too simplistic and simply
fails to adequately capture the effects of petroleum substitutes and their influence on price. This aspect will

require further investigation.

It was interesting to note that production levels had a remarkably strong influence on U.S. prices but negligible
influence on World prices. Conversely, U.S. proved reserves had little impact on price while World reserves
made a significant contribution. No clear explanation presents itself as to why this could occur. It may be that
our assumption that the U.S. market could be treated as an independent and isolated market is flawed. The U.S.
market may be so integrated into the world market that separate analysis is not possible. If this is the case, then
our final ¢onclusions should be drawn largely from the world market analysis since U.S. market results are

likely to be distorted.

The number of exploratory wells in the U.S. had a profound influence on price. Although no World explora-
tory well data could be located, the strong U.S. correlation should convince us to redouble our efforts to locate

data for this potentially important global factor.
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As expected, OPEC market share had a strong
correlation to crude oil price. Also, the Reserve/
Production ratio and the Production/Refining Ca-
pacity ratio had the most influence on petroleum
prices for both models. Our logic concerning the
effects of a relative scarcity of reserves compared
to production levels and the relative scarcity of
refining capacity compared to production levels

seems to be borne out.

Finally, the “special events” factor appeared to
have no corrclation to crude oil price for either
model. Our crude magnitude effect modeling at-
tempt was ineffective at capturing the effects of

extraordinary and significant events. A better

model must be devised and tested since “special

events” most assuredly impact prices.

Multiple Regression Analysis:  Afier eliminating those factors which had negligible effects en price (red
high-lights in Figure XI), a multiple regression analysis was performed on all remaining factors and their de-
rivatives. One problem encountered was the differing time periods covered by different factor data series. For
example, production data ran from 1970 to 1998 while exploratory well data ran from 1972 to 1998. In order

to combine different factor data series into a single regression analysis, an identical number of data points had
to be used for each factor. Thus, the factor data series with the fewest number of data points became the limit-
ing element determining which data was ultimately used. In the example above, if both production and ex-
ploratory well data were included in a multiple regression analysis, data would be constrained to the inclusive
period from 1972 through 1998. If refining capacity data were also included then the overall analysis would be
limited to the period from 1972 through 1990. Utilizing a mere 19 data points begins to generate difficulties
when used as a basis for generating significant statistical results. This also undermines our intention of using a
long time interval to base our modeling efforts upon. The only viable solution is to obtain more complete and
higher quality data which completely covers all time periods of interest. Such data was not available for this

analysis and any conclusion drawn from continued analysis must keep this limitation in mind.

Multiple Regression Results: Several different regression runs were made using combinations of factors giv-

ing ever smaller inclusive periods of data coverage (1970-1998, 1972-1998, 1972-1990,). Surprisingly, the re-
sulting factors which had a significant price influence remained largely unchanged as the model period was

truncated to include more factors. The best results came from regression runs which used all of the factors
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and thus had the shortest inclusive data period (1972-1990). The U.S. and World multiple regression results

are shown below:

U.S. Model World Model
Overall R-Sguared = 98% Overall R-Squared = 94.7%
Factor P-Value Factor P-Valuc

SQGDP 0.002 SQGDP 0.004
LN1USEW 0.000 1PR 0.002
1RPR 0.004 PRCR 0.077
PRCR 0.006 OPEC 0.000
SQPRCR 0.009 LNOPEC 0.000
GDPGR 0.017 GDP 0.003

U.S. PRICE = 109 + 0.668 (SQGDP) - 46.3 (L.N1TISFW) — 471 (IRPR) — 715 (PRCR) 4 910 (SQPRER) ~ 73 (GDPGR)

WORLD PRICE = -1684 + 0.365 (SQGDP) + 79.2 (1PR) — 69.6 (PRCR) ~18.6 (OPEC) + 670 (LNOPEC) —10.2 (GDP)

The actual coefficients resulting from the regression analysis were not important. What was important was that
six U.S. factors and six World factors were identified as having a significant influence on price (low P-values)
as well as being able to explain 94.7%-98% of price when their effects were combined. The amount of price
variation which could be explained by these factors (94.7%-98%) was surprising given that this was our first

modeling attempt.
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Stage V: Conclusion

Assumptions and Limitations: Before recounting and conselidating the results of this Part-I analysis, it is

prudent to review the assumptions made and associated limitations placed upon those results.

¢ The Part-I analysis was an attempt to identify factors which had a measurable impact on crude oil price.
Once identified. these factors could then be examined more carefully (in the Part-II analysis) to create a model
which could be used to predict general price levels. It was assumed that the petroleum market could be con-
veniently captured through the concept of aggregate macro-economic factors and that such factors could be eas-
ily combined with a global or U.S. wide scope. The great simplification was that the market was entirely ho-
mogencous and that differences in geography, national borders, language, culture, currency, politics, regula-
tion, economic goals and collusion did not exist. This is obviously not the case. The incredible difficulty of
trying to account for the myriad complexities and interactions left no choice but to paint with a broad brush.
This modeling effort was never intended to predict daily, weekly or even monthly price variations. Such pre-
dictions are simply impossible given the complexities involved and the random and unpredictable nature of
daily events.

e We assumed that there was one single representative market price for one single type of representative crude
oil. In fact there are many variations in the quality and composition of crude oils and even wider variations in
the price of such oils throughout the world. The assumption more practically asserts, that although no single
price actually exists, all of the various prices for various crude oils will respond in similar and proportional

ways to the forces shaping the supply and demand for petroleum energy.

e Inventory levels and inventory build-ups and draw-downs were ignored as being of small influence when

compared to aggregate annual production and consumption volumes.

e Taxes, tariffs, quotas, currency exchange rates, price controls and individual price off-sets were ignored; es-

pecially as they pertained to regional differences.
¢ The effect of periodic weather changes was ignored.

e Gross crude oil production was assumed a good proxy for total petroleum supply. Secondary sources were
considered negligible.

e The geophysical characteristics of individual reservoirs was ignored.

e The U.S. Strategic Petroleum Reserve was ighored.
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e The current petroleum era was taken to be 1970-1998. It was assumed to be homogeneous in terms of the
forces shaping the petroleum industry. In fact, the petroleum industry has never experienced a period of homo-
geneity. It has been in constant flux and continues to experience change in technology, regulation, and politi-
cal and economic influences and may never be able to be modeled as a simple, consistent and homogeneous

event for any substantial time frame.

e The statistical analysis capabilities and experience of the author are limited and should not be construed as

being comprehensive or exhaustive.

e The data is severely limited. Numerous problems with the quality, quantity and availability of aggregate

data make results suspect.
e The time-lag associated with any key factor’s influence on price was ignored.

e The use of factor derivatives such as logarithms and squares is by no means exhaustive. It was simply an
attempt to see if any type of non-linear relationship might exist. There are an infinite number of mathematical
functions available (square root, cubes, ARCTAN, etc) which might prove to better represent the influence of a

factor on price.

¢ The use of aggregate factors or proxy factors using data that was freely available was employed to construct
an empirical model. There is no grand theoretical model on which to base our efforts although much of our

reasoning was loosely tied to economic supply-demand theory.

Results: Using individual and multiple regression analysis for U.S. and global petroleum market data indicated
that the following factors had a strong influence on crude oil price (strongest to weakest):

Production/Refining Capacity Ratio

Non-linear derivative of Production/Refining Capacity Ratio
Reserve/Production Ratio

Non-linear derivative of the Number of Exploratory Wells
OPEC Market Share

Non-linear derivative of OPEC Market Share

Non-linear derivative of GDP

GDbP

GDP Growth Rate

Crude oil production levels

Proved Reserve levels
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Not only were important factors which influence crude oil prices identified, this process also eliminated several

factors which were initially under considcration as having potential influence.

Recommendations: After attacking this thesis project for many months it is now apparent that considerable

more time and effort will be required to complete the job adequately.

e I suggest revisiting the numerous modeling efforts made by other academic and industrial scientists in
greater detail. Each of these books/studies/reports may be able to provide new insights into the past failures
and point the project in a more productive direction. With over 2,000 references at the University of Kansas
alone, there simply hasn’t been sufficient time to thoroughly review these works and develop a comprehensive
knowledge base on the petroleum market modeling subject. I am confident that a good start has been made and
that the factors identified above can be useful in constructing an empirical model in the Part-II analysis. There
simply hasn’t been time to pursue this project further and this project was probably better suited to a 3-4 PhD

program vice a 3 credit hour thesis project.

¢ A better quantitative model must be developed to capture the effects of extraordinary and significant events
which most assuredly have an impact on price. The crude model used in this analysis was inadequate. Perhaps
assigning event magnitudes which are proportional to the maximum price percentage increase for the event

would prove more effective.

e The Oil Energy Use Ratio did not have significant impact on oil prices‘and a better factor or combination of
factors must be developed to capture the effects of alternative energy sources on oil prices. Correlating key
factors pertaining to natural gas, coal, hydroelectric power, nuclear power etcetera may provide better results
and more fully capture the effects of alternative energy sources. The time-lag effect of changes in alternative

energy sources and pricing impacts must also be explored.

e The breadth and quality of data must be vastly improved. I feel that this can only be accomplished through
the purchase of highly reliable data from an authoritative source (API). This will also improve the sheer num-
ber of data points used and minimize the errors caused by using relatively small data sets. Department of Com-
merce data consisting of numerous leading economic indicators is another place to locate additional factors

which may correlate to price.

¢ Instead of choosing a single crude oil price (Saudi Light 34, for example) as our representative price, per-
haps we should consider calculating a weighted market average price, aggregating the price and volume infor-
mation for each crude oil product produced in a given year. ‘Although such a price would be substantially more

representative of an overall global price, 1 fear that data availability may limit the usefulness of this approach.
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e A mcthod of quantifying environmental impacts should be attempted.

e Annual aggregate data may be too course of a measuring stick to adequately capture the qualitative forces
(extraordinary and significant events) which influence price. Such events are of a short duration and perhaps
daily or monthly data should be used in lieu of aggregate annual data. Iam not sure if such data is even avail-

able but it may be the only way to gain sufficient sensitivity to account for the qualitative forces impacting

price.

e Inventory levels including the Strategic Petroleum Reserve (SPR) should be correlated with price to see if

any influence on price is evident.

¢ The time-lag effects of exploratory well drilling should be explored and global well drilling data should be

obtained and incorporated into the model.

Bring additional petroleum and mathematical modeling expertise into the project. More minds brainstorming
possible approaches to developing correlations will produce better results. Additionally, different combinations

of non-linear factor derivatives should be tried to identify an optimal non-linear relationship for each factor.

Final Thoughts: The Part-I analysis must continue in an effort to acquire better data, identify additional im-
portant factors of influence and to develop more sophisticated factor-models before a refined model attempt
(Part-II analysis) can be made. This analysis was able to make substantial progress into understanding the
forces influencing crude oil price, understanding the assumptions and limitations associated with a macro-

economic approach and in identifying several key factors which demonstrated a significant correlation to price.
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Individual Regression Results

PRICE vs PRICE/PRICE RATIO

©
whd
1]
(m]
P
Q
— >4
=38
whd
om— M
h -
x S %
L s |
CCLOS9YY'vE 1€198€989'p- ZTZL9S9bY'vE LELO8E9BI' Y- GOLYEOOEL'0 6.580Z£9S'L /6LLYP68LS6 §5060088'¥1 | 9IqeueA X
P092eE8y 0€  890LS6¥F'0L- $0OCZEEBYP 0C 890LS6VY'0L- €8£/99€2€°0 66210900l ¥6S5/956'6 89.06910°01 1daosalu|
%0°G6 48ddN %066 JoMOT %66 Joddn 9%G6 JoMOT anjea-4 Jejs ] Joug piepue)s  SJUBIOIB0D
98€820°'8C6¢ x4 lejol
Gev.860'8ElL £8€.95°065¢€ 214 fenpisay
G0/¥600€L°0  £90129¢vP'C 2E00LOP LEC ZE00LOY /€€ } uoissalbay
o doueoyIubIS Fl SW SS i
VAONY
82 suoneAlasqo

9CeySiSL L Jou3 plepuelg

¢L.€5.0G0°0 altenbg Y paisnipy
01165800 alenbg Yy
1G8G0LEBZ 0 Y eidninpy

solsije}s uoissalbay

LNd1NO AHVINNNS



Individual Regression Results
U.S. Market Data

Exhibit Iil

PRICE vs LN PRICE/PRICE RATIO
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Individual Regression Results
PRICE vs SQ PRICE/PRICE RATIO

U.S. Market Data

Exhibit 1ll
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Individual Regression Results
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Individual Regression Resulits

Exhibit Il

U.S. Market Data
PRICE vs LN POP
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Individual Regression Results
U.S. Market Data
PRICE vs SQ POP

Exhibit 1l
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Individual Regression Results
U.S. Market Data
PRICE vs POP GR

Exhibit llI
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Individual Regression Results
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Individual Regression Results

U.S. Market Data
PRICE vs LN GDP
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Individual Regression Results

Exhibit Ili

U.S. Market Data
PRICE vs SQ GDP

1160520200 1618582P°0- 116052020°0 1618582v'0-  L6V¥Z¥8ZLO0 €.6G.9998°L- €8€.€601°0 §991v02°0- } ||qeliep X
€11098.y'SE [9lvI2E9CC €11098/p'GE /[9L¥L2€9'CC  01-32858'9 L2SvivL8Z6 €/S68¥0EL'S  ¥LLESS0'6Z 1daouayu|
%096 ngQD 9%0°G6 JOMOT %66 Joddn %G6 41oMO07 onjen-4 jejs ] Jo4i37 piepuels  SjUsidi}e0)d
GGv¥8GC'950y 8¢ jelot
€886920°'cEl €8982/°16GE  LZ [enpisay
L6¥2y8C.00  9816.P¥8Y'E 61..6C5€9y 61..625€9% | uoissasboy
o 9ouesdyubls = SW SS P
VAONY
6¢ suoljeAlasqQ

€92eLceS L1
80866¥180°0

Jodl3 plepuels
aienbg ¥ paisnipy
98€c0EYLL 0 alenbg
1£8/808€€°0 o aldiinin

SolJsIje}S UoIssalbay

1Nd1NO AdVINNNS




Individual Regression Results

Exhibit 1l

U.S. Market Data
PRICE vs GDP GR
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Individual Regression Resuits

U.S. Market Data
PRICE vs LN GDP GR

Exhibit Il
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Individual Regression Results
U.S. Market Data

Exhibit Il

PRICE vs SQ GDP GR
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Individual Regression Results

U.S. Market Data
PRICE vs 1/PROD
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Individual Regression Results
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Individual Regression Results

U.S. Market Data
PRICE vs 1/USPR
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Individual Regression Results
U.S. Market Data
PRICE vs SQ 1/USPR

Exhibit I
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Individual Regression Results
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Individual Regression Results
U.S. Market Data

Exhibit Il

PRICE vs SPECIAL EVENTS

9GEEL00Y9’L [9€888€9C°C- 9GEEI99¥9°L L9£888€9CC- 9E92Z2S8YL0 YPYZ88EZE0- Z¥90£6256'0  S0S.LE980€0- 1 alqeueA X
£/9/68€°0€ €€9LICP6'6L €/9/68€°0¢ €EOLIZP6'6L  0L-3/96L8')L 6E£.0G.¥88'6 GOBSEHSYSZ  Z8L¥6591°GC 1daosalu)
9%0°66 48ddn  9%0°G6 JomMOT 956 Jeddn %G6 Jomo] anjeA-4 18)S ] Joli3 piepuejs  SjUBIo80)D
qev852'GS0Y 14 lejoL
yesveloevl G20bose6e0by L2 jenpissy
9€922e8¥. 0 8E8668Y0L'0 6662Y¥69'SL 666Z2YY69°SL l uoissasbay
o BoURIYIUDIS J SW SS P
YAONY
62 SUONBAIaSqO
206591€2°21 Jou3 piepuels
§499€20ee00- alenbs ¥ paisnipy
€¥10.8€00°0 aienbg ¥
£.y0L2290°0 N aidiiniy

sonsie)s uoisseibsy

1NdLNO AGVINANS



g 9
=
[+})
o w
c O
Ry o
P8 o .
A S T
o, =
Qo K
x o
> © © 7
=3 >
- m o E
2t ©
xS
WES o
SOEl6SSECl  L9/0628V0°L- G9EL6GSETL L9L0628Y0°'L- §1G29/8.1G'0 99€8YZZ9S'0 L6¥8666LLY  L¥YLI8ES9'T | 9iqeueA X
€G2G2160'6€  L60S0LLL'vL  €G2G2L60'6€ L60S0LLL'¥L  L6SSLLO00'0 €/8S28/.EVv 99¥8€€9/0°9 S/151L109°92 jdaasajuj
%0°66 18ddN  %0°G6 JoMOT  %G6 Jaddn %G6 JOMO] enjeA-4 JeJS ] Joli3 piepue)s  SJUBIOILB0D
erLlv19'€9€9 yx4 ejo ]
yeecrvie' Ly 8291.1°/829 92 jenpisay
§1629/8.5°0 GCCECIOLE0 LEVLLIEYY'QL LEVLLEYY OL 3 uoissalbay
o soueoyiubIs J SW SS P
YAONY
8¢ sSuoleAIasqoO
26.€059°G1 Jol3 piepuels

886986520°0-

€5210¢10°0
689109601°0

alenbg ¥ palsnipy

alenbg ¥y
¥ a|dyny

solsie}s uoissaibay

1NdLNO ALGVINNNS



PRICE vs LN PRICE/PRICE RATIO
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Individual Regression Results
World Market Data
PRICE vs SQ PRICE/PRICE RATIO

Exhibit IV
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Individual Regression Results

World Market Data
PRICE vs LN POP

Exhibit IV
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Individual Regression Results

World Market Data
PRICE vs SQ POP
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Individual Regression Results

World Market Data
PRICE vs POP GR
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Individual Regression Results
World Market Data
PRICE vs LN GDP

Exhibit IV
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Individual Regression Results

World Market Data

Exhibit IV

PRICE vs GDP GR
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Individual Regression Results

World Market Data
PRICE vs 1/PROD
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Exhibit IV
Individual Regression Results

World Market Data

PRICE vs LN OEUR
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Individual Regression Results
World Market Data
PRICE vs SQ OEUR

Exhibit IV
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Exhibit IV
Individual Regression Results

World Market Data
PRICE vs 1/PR
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